A sensor head incorporating a diaphragm was designed and fabricated for water level measurement. It operates in the range of 0-70 cm column height, equivalent to a pressure in atmospheric pressure of 0-6.86 kPa. The fiber Bragg grating (FBG) was attached on the two types of diaphragm to detect the change in the hydrostatic pressure caused by water at different levels. The diaphragms performance by comparing the sensitivity in within the mentioned range. Optical spectrum analyzer (OSA) was used to record the shift in the Bragg wavelength B  at different water level. The sensitivity of water level measurement using a silicone rubber diaphragm found to be 9.81 pm/cm for 70 cm in water level, while the sensitivity for polymer plastic diaphragm found to be 2 pm/cm at the same level.
INTRODUCTION
Liquid level measurement technologies are very important in many fields such as chemical processors, fuel storage and other industrial environments [1, 2, 3] . These fields require to employ of sensors has the potential application in explosive liquids with safe environments.
Presently there exist many conventional methods to measure the liquid level based on electrical techniques such as, radio frequency, capacitance [4] and resistance [5] . In electronic sensors, there are possibilities of generating of heat and electric spark with its components [6] , additionality they suffer from intrinsic safety concerns. Alternatively, the optical sensor such as fiber Bragg grating (FBG) sensor can offer a better solution than conventional sensors. The use of fiber Bragg grating offer many advantages such as, immunity to electromagnetic interference, high sensitivity, wavelength encoded response, linear output, large dynamic range, stability, flexibility, high temperature tolerance, light weight, compact size and resistive to harsh environment [7, 8] . These properties make the FBG possible to be used in potentially flammable environment [9] . The FBG has been used to measure the changes in pressure, strain, temperature, refractive index and others [10] . There are many parameters that can used to monitor the change of the Bragg wavelength such as, generating temperature, tensile or compression on the grating area. There are many techniques were reported to measure the liquid level in the tank by using the FBG. High sensitive liquid-level sensor based on etched area fiber Bragg grating (FBG) [11] , a long period fiber grating sensor to measure the liquid level and liquid-flow velocity [12] , measuring liquid level based on the bending cantilever rod in the grating region [13, 14] , a side polished fiber Bragg grating to detect the liquid level [15] , and axial strain along the tapered chirped grating by using buoy hung [16, 17] . In this paper, we proposed a sensor head design to water level measurement utilising an FBG and two different types of diaphragms. The FBG is placed under a thin layer of polymer or silicone rubber diaphragm which act as a pressure sensor. As a result of pressure generated on the surface of the diaphragm and this lead to Bragg wavelength shifting.
OPERATING PRINCIPLE

FBG Sensor
The FBG region is formed by periodic modulation of the refractive index in the fiber optic core along the optical fiber axis, as shown in Figure 1 . The periodic modulation in the refractive index is normally produced by exposing the optical fiber to a spatially varying pattern of ultraviolet (UV) light, and these are called gratings. The FBG region can described as a small mirror inside the fiber core, which reflects special wavelengths, because of the periodic changes in the refractive index of the core. When light waves at different wavelengths are transmitted through the optical fiber and passing into the FBG, one of the wavelength B  will be reflected back by the FBG and while allowing other wavelengths to transmit through. The Bragg condition can be described by this Eq [17] ,
where eff n is the effective refractive index of the core of the single-mode fiber, and  is the periodicity of the grating. The relationship between the Bragg wavelength and the applied strain is given by Eq. (2) [18] ,
where  is the strain applied to the grating, e P is the strain-optic constant defined as in Eq. (3) 
Sensor Head
All pressure sensors operate on the basis of the same principle for the detection of physical force that arise as a result of pressure. The sensor depends on the form the diaphragm sealed over a cavity containing air at atmospheric pressure. In this study, the sensor head will be used to detect hydrostatic pressure of different water level. Hydrostatic pressure is generated by a column of liquid at the bottom of the tank as a result of the force of gravity, which is a function of the height and density of the liquids. The pressure difference P  across the diaphragm is given by Eq. (5) [19, 20] ,
where  is the density of the liquid (kg/m 3 ), g is the acceleration gravity (m/s 2 ) and h is the height of liquid level.
The diaphragm disk of diameter 2r and thickness t is deflected when loaded with lateral hydraulic pressure, which increases whenever the liquid level increased. The deformation of the diaphragm will generate pressure on the grating region, this lead to the shift in Bragg wavelength. Eq. (2) shows the relationship between the Bragg wavelength shifting and strain.
The center deflection  for a clamped circular diaphragm, as shown in Figure 2 and given by the following equation as [20] , 
where r is the radius of the diaphragm, E and  are the Young's modulus and Poisson's ratio of the diaphragm respectively.
The maximum strain on this thin circular diaphragm under uniform pressure can be calculated by this Eq. (7) [19] ,
Combining Eq. (7) and Eq.(4), we can derive Figure 2 The deformation of the diaphragm under the front of pressure
SENSOR HEAD STRUCTURE
The sensor head consists of five layers (sandwich layers), as shown in Figure 3 (a). The layer 1 is the FBG sensor. The layer 2 is a diaphragm with a diameter (4.4 cm). The layer 3 is a hemisphere shape of plastic with a groove. The layer 4 is a stainless steel screw. The layer 5 is a diaphragm with a diameter (5.5 cm), this diaphragm is placed at the top-end of the cavity cylinder. Figure 3(b) shows the structure of the sensor head, the casing is made from hard plastic material. Two cylindrical cavities, the top cavity with an outer diameter of 5.5 cm and an inner diameter of 4.4 cm while the bottom cavity has an inner diameter of 2.5 cm. Two small holes with a diameter of 1 mm are drilled at both sides on the top of the bottom cavity to allow the insertion of FBG sensor. Two different types of diaphragm, polymer plastic and silicone rubber were used in this work. 
EXPERIMENTAL SET-UP
The sensing set-up consists of a broadband light source (BBLS) emitting light in the range of 1200-1400 nm, SLD Light Source, optical spectrum analyser (OSA) and a sensor head, as shown in Figure 4 . The tank is made from an acrylic cylinder with a height of 75 cm and 10 cm in outer diameter. The FBG used in this work is a single-mode optical fiber, with core diameter is 9 μm and the cladding is 125μm. Bragg wavelength 1288.025
  , grating length is 3mm and the reflection is 90%.
The water level was increased in step of 5 cm up to 70 cm. This change in water level by 5 cm increased or decreased causes a shift in the Bragg wavelength. The shift in Bragg wavelength will be recorded by using the OSA device. From the results we can form calibration curve, to find out the water level displacement relationship with Bragg wavelength shift. Figure 5 shows the transmission spectrum and the shift in Bragg wavelength as a result of the high liquid level in the tank by using OSA. The Figure shows a transmission spectrum, as a result of hydrostatic pressure generated on the silicone rubber diaphragm, for different height of water level. 
RESULTS AND DISCUSSION
The experimental results depicted in Figure 6 show the comparison of response from the sensor head for two types of the diaphragm with increase the water level. Similarly the shift in Bragg wavelength of FBG was recorded with an increment of 5 cm. The results showed that the shift in Bragg wavelength was linear in both types of diaphragm. From the curve fitting of the experimental result, it is evaluated that the sensitivity of the water level sensor was for the polymer plastic diaphragm is 2 pm/cm, and the sensitivity for silicone rubber diaphragm 9.81 pm/cm. In addition the resolution of the Bragg wavelength shifting by using polymer plastic diaphragm was 0.1 nm, whereas it was 0.612 nm by using a silicone rubber diaphragm. This result is due to the high flexibility owned by silicon rubber diaphragm [21] . Figure 7 shows the relationship between the change in Bragg wavelength with increased water pressure in both types of diaphragm. The sensitivity of the curve fitting for the polymer plastic diaphragm is 15 pm/kPa, while the sensitivity for silicone rubber diaphragm was 100.185 pm/kPa, for the water column pressure of 0 to 6.86 kPa. In absence case the water in the tank, the internal pressure will match with the external pressure, so there will not be a deformation of the diaphragm. The sensitivity is compared with other liquid level sensor, the sensor head proposed with a silicone rubber diaphragm is displayed much greater sensitivity. There are many researchers has been used the FBG as hydrostatic pressure sensor, and conversion of hydrostatic pressure value to liquid column using the factor (1 MPa = 102 meters). Joseph, S., et al. reported that the sensitive is 0.185 nm/m [19] , and Sengupta, D. and K. Srimannarayana were the sensitivity 71 pm/m [22] . Sengupta, D. and P. Kishore the sensitivity is 23 pm/cm [6] . Figure 6 The response of the sensor head with increasing the water level for two types of the diaphragm Figure 7 The response of the sensor head with increasing hydrostatic pressure for two types of the diaphragm
CONCLUSIONS
In this study, a new sensor head based on the FBG was designed to monitor water level. It incorporates a diaphragm which will serve as a source of pressure detector as the water level changes. The performance of the sensor head was achieved by putting an FBG on the different diaphragms for sensitivity improvement. The operating mechanism of this sensor head is based on the hydrostatic pressure, and the role of the diaphragm is to transfer the hydrostatic pressure on the FBG. The sensor was tested to measure the water level in a tank to maximum 70 cm column height which equivalent maximum pressure 6.86 kPa. The pressure on the FBG is increased gradually with an increase in the curvature radius of the diaphragm, leading to the shift in Bragg wavelength, which was recorded via OSA. The results show that the sensitivity of silicone rubber is 9.81 pm/cm and its larger than the sensitivity of the polymer plastic that equal 2 pm/cm at the same level.
